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II I • PURPOSE 
I 
li !' The purpose of this paper is to examine the posi t1on 
'I 
' li held by the study of geology and, with the aim of furthering 
I/ that position, to offer material basic to a course of study 
II in geology for junior or senior high schools. The material 
II presented here is designed to suggest reference periodicals, 
/I an outline of the course material, and an actual program of 
11 study with over eighty activities almost all of which oan be 
I 
:
1 
undertaken by students in schools everywhere in America. A 
I 
II final examination ot objective type questions based on the 
/1 course material is provided. 
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II. HISTORICAL INTRODUCTION 
What is an earthquake? Perhaps everyone who has read 
of or experienced one has asked this question. The answer is 
II simple as we know it today, but from the earliest day it has 
I 
II been given in various and fantastic forms. In many parts . of 
'' the world, earthquakes have been a very familiar and terrible 
il 
II occurrence and naturally cause much concern not only among the 
1
j uneducated but among the scholars. Early popular ideas con-
I! earning earthquakes placed the responsibility upon the rest-
, 
Jl lessness of a subterranean monster. In Japan, it was first 
said to be a spider, later a giant catfish; in India, a gigan-
11 tic mole; among some of the North American Indians a giant 
II 
~'I tortoise was resp~nsible. 
1 Aristotle held that all earthquakes were caused by air 
II or gases contained in an underground cavity which, by their 
I 
11 struggles to escape, caused the shaking of the ground. In the 
II Middle Ages. the views of Aristotle were expanded when it was 
11 proposed that the subterranean gases were affected by the I 
1
1
1 stars and especially by Mars and Jupiter. In 1935, a New York 
prophet based remarkably inaccurate earthquake predictions on 
11 conjunctions of various heavenly bodies. The Aristotelian 
1 1 Leet, L. Don: Practical SeismologY and Seismic Prospect-
I 
~. NEW YORK, D. Appleton Century, 1938, P• 4, ff. 
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II explanation of the cause of earthquakes is 
I 
I 
I 
held not only by 1 
!I such quacks but is cited by many people as valid for lack of a 
II better explanation. Indeed, hot, stuffy weather today is 
I 
occasionally termed "earthquake weather. 11 ~ 
, Theologians have investigated the evidence of God's 
I wrath as revealed in earthquakes. The Reverend Thomas Prince 
' published in 1755 a work entitled "Earthquakes the Works of 
II God and Tokens of Hie Just Displeasure" wherein he concludes 
II with an appendix "concerning the Operation of God in Earth-
~~ quakes by means of the electrical Substance.• Here he opines 
I it as very likely that the electrical substance, shortly 
I 
I
I before discovered by Benjamin Franklin, is a principal cause 
I of earthquakes noting that Boston, having many lightning rods, 
:1 was more subject to earthquakes than other locales. The 
!I lightning rods were said to charge the earth with the •terrible 
;1 substance.'' That same year (1755), there occurred a very 
II 
violent and destructive earthquake in Boston which prompted 
I , 2 
II Professor Winthrop of Harvard College to deliver a lecture 
I 
I which is considered to be the most authoritative account of 
earthquake phenomena to the time. 
il Seismology as a science began in the middle of the 
I' 
' nineteenth century, and present thinking attributes the cause 
li of earthquakes to the fracturing of earth materials releasing 
energy in the form of vibrations and in a few minor cases to 
, 2aulletin of the Seismological Society of America, March, 
I 1916, PP• 28-42, reprints the lecture. 
I 
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explosions in volcanoes. 
Earthquakes are only one aspect o~ the Geological 
Sciences but one of the most spectacular and one of concern to 
everyone though, like most of geology, little is popularly 
known of the subject. The development of the science of 
seismology is interesting as it contains many fantastic expla-
nations for the fearful phenomena. The present low level of 
popUlar knowledge on even so interesting a subject as earth-
quakes is shared by the rest of the field of geology. 
Following consideration of attitudes in one special 
field of geology, we shall consider the development of the 
study and teaching of the earth sciences with an aim of find-
ing the attitudes toward the science as a whole. 
Earliest thinking on the nature of the earth ascribed 
3 
earth processes to the capricious and temperamental gods. 
This was, of course, consistent With, the pagan beliefs. The 
Old Testament indicates that the earth itself is not a god 
but the handiwork of a supreme God created in its present 
11 unchanging state a relatively short time ago. The first real 
li 
II 
jl 
If 
!I 
inquiry into the earth processes came with the ancient Greek 
philosophers. Some of the conclusions reached by them are 
They were, remarkably similar to those accepted at present. 
like much Greek thinking, arrived at by a maximum of theory 
and minimum of observation. 
3 Snider, Luther C.: Earth History, New York, The Century 
Co. 1932, P• 601. 
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1: The Sophists of Greece engaged in many daring apecula.-
ll tiona concerning the origin of the universe. The earliest was 
I 
1: Thalea who held that all things had their origin in water. 
I 
1
,others considered fire as the essential principle of the 
l! univerae.4 Agricola writing5 of Greeks who were known to have 
lj written concerning "atones" cites 27 well known Greek authors 
I 
1
\ whose works have disappeared and whose names alone remain. 
I Pliny (Book 37, chap. 10) refers to the magical and oocul t 
I 
1
1 powers believed by these ancients to be resident in gems. 
1 Therefore, though there was quantity, we may conclude that the 
,, 
I 
'I absence of these writings is no loss, though it is important 
1, that the great teachers of the day were concerned with matters 
!1 o t geology. 
There were significant contributions to geology in the 
:; Middle Ages. For example, Thalea (o. 636-546 B.C.) thought 
'I ! that alluvial deposita at the mouths of rivers showed that 
II 6 
1\ water could change the earth. Aristotle, the greatest Greek 
I naturalist, said, writing the treatise De Respirations, that 
)1 a great many fishes "live within the earth motionless and are 
1~ -------
1 4 
1: Adams, Frank D.: The Birth and Development of the 
11 
Geolqgical . Sciences, Baltimore, Williams and Wilkins Company, 
!' 1938, P• 10. 
I· 5 
1
; De Natura Foss ilium, Basel, 1547, is the source cited by 
1 Adams. 
I' 6Adams, Frank D~: The Birth and Development of the 
1! Geologica! Sciences, Williams and Wilkins Company, 1938, 
P• 10, ff. . 
5 
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found when excavations are made" indicating a belief he held 
that fish were at one time alive within the earth. This is 
hardly a belief that one might expect from Aristotle. A very 
great (and short) treatise on minerals and rocks written by 
Theophrastus remained for 1800 years as a practical and useful 
guide in mineralogy and shows that at his early era there 
existed a body ot practical knowledge on the subject. 
Among the later Greek authors there is little of 
importance beyond the writings ot Strabo on Geography. Herein 
·(GeographY, Book 1, Chap. 3). he notes the evidence tor the 
, elevation and subsidence of certain land areas, some extensive~ 
1 
The movements, he thinks, were associated with earthquakes 
and had their sourc~ in the central fires. The movement 
accounts for the existence of marine shells high above sea 
level, and the fires are an explanation for volcanoes which he 
regards as safety valves. 
The Romans did not take up the study ot pure science 
as did the Greeks, but were more interested in applied science. 
1 Therefore, the writings of the Romans were in almost all eases 
descriptive. Pliny, The Elder, devoted to the mineral kingdom 
five volumes out of a total of 37 in his Natural History, an 
encyclopedia. Much of the material in this work is valuable, 
much ridiculous. Much space is given to mining gold, copper, 
and iron, and the lodestone is described at length. The 
entire final volume describes the various virtues of the gems 
and precious stones. 
-=----=-=== - - ·--- - ---
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II The entire contribution to the geological sciences 
;! Classical times cannot be considered as other than of little 
,worth, not because of lack of mental power, but because .the 
II scholars had not discovered methods of scientific research.7 
il Zittel remarks 8 that not a single writer had examined the rocky 
I 
1
J crust of the earth to find its composition nor had one any 
I 
!j conception that fossils afford much from which the history of 
11 the earth might be written. Though concern and interest in 
I' geology was prevalent in Classical times, baseless hypothesis 
and haphazard observation are not a foundation for scientific 
II 
I achievements. 
Though, during the Middle Ages, the writings of the 
il . 
11 Ancient Greeks had disappeared and western culture was somewhat I 
~ . 
11 retarded, the sciences were promoted with great vigor by the j 
1 Arabs who had spread their culture as far west as Spain. The 'I 
il 
,: works of Aristotle were preserved by the Arabs and many trans-
11 
11 lations of Greek writers' works were made by the Arabs. into 
i 
1 Arabic and Hebrew. Studies cultivated by the Arabs were 
I 
' chiefly philosophy. mathematics, astronomy, and medicine. In 
tl proportion to the other sciences, geology was perhaps not 
il 
, given the same importance as the other sciences by the Arabs 
:1 as by the Greeks, but in their eagerness for knowledge the 
Arabs did produce much of worth. Chief among the works on 
7Adams: Op. cit., p. 50. 
8 Zittel: History of Geology and Palaeontology, P• 11. 
7 
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geology are those by al Biruni, a very inquisitive scholar of 
the eleventh century. He knew that parts of India were at one 
9 \: time under the sea. 
Mineralogy was a subject given much attention during 
•, the Middle Ages. During this time. rocks, minerals, and 
!I 
i 
11 fossils were collectively called fossils. The herbals, or 
II books on plants, give some knowledge of mineralogy, but the 
'I best sources are the books on metals, stones, and gems called 
jlapidaries. These treatises were popular not only among edu-
i i cated classes but were popular qulte generally. It written in 
I I tali an. they were often translated in to many European tongues. 
!1 The reason for the popular! ty is not so much an eagerness of 
II . 
1 the public to learn of mineralogy but to learn of the magical 
I' powers of the various stones and gems. 
II 
I\ Perhaps the best known of the lapidaries are those of 
1 Marbodus and Leonardus. The former lists, out of a total of 
I! 60 stones, 27 which are mythical, and all are described with 
r their respective virtues. It is stated that onyx produces 
1
1 
hate. strife, and bloodshed, though the evil effects are 
! 10 
1 counteracted if one wears a sardonyx at the same time. 
I I Medieval mineralogy, it is seen, was not a true science 
lbut a dream built by each author upon the collected notions of 
I\ earlier authors. This dream was to be superseded by modern 
8 
l, 9sarton, George: Lectures on the History of Science, IHarv~d Uni v.. 1948.. il 
' Adams: Op. Cit.: P• 160. 
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11 mineralogy which began with Agricola of the sixteenth 
I 
most of whose writings deal with the geological sciences. His 
books were very popular during his lifetime and the information I 
he put into them he gained from actual experience in the mining I 
industry, rather than from speculation. He rejects entirely 
the powers earlier attributed to stones and gems. 
During the eighteenth century, attention was directed 
to the questions of historical and field geology. One of the 
greatest to consider these was Abraham Werner, a lecturer at 
The Freiberg Mining Academy. Werner observed the relations of 
-11 
various rock formations and noted their relative ages. He 
observes that our earth "is a child of time and has been built 
l1 up gradually." Werner, like Freud, is important in history 
" r not only for his own contributions. but also because he stimu-
lated other thinkers to oppose him and so to add to knowledge. 
Contrary to the views of Werner was James Hutton, a 
,. Scot, contemporary with the German Werner. Present views in 
geology have, generally speaking, been built upon the founda-
' tion built by Hutton, the central theme of which was the 
' uniformity of earth conditions, that is, the earth's present 
condition is the result of processes which we can see in 
12 
effect today, operating over enormously long periods. 
The fundamental concepts of physical and historical 
geology were practically all established by 1860. Further 
11Beok: Abraham Gottlieb Werner, Berlin, 1918, P• 29~ 
12Bnider, Op. cit.: P• 603. 
=-==~r=~============== 
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\ 
developments included new methods or mapping, the study of 
fossils. geophysics, including seismology, already considered, 
oceanography, and many special fields developing from in-
creased knowledge. 
The geological sciences had, since Hutton, come of 
1 age. No longer was theory merely superstition and idle un-
founded speculation. The removal of the aspects of super-
stition also removed much of the popularity enjoyed by the 
1 
pseudo-science of mineralogy, in much the same way that popular 
knowledge in astronomy today is mostly concerned with super-
stition -- astrology. It is interesting to note that much 
more literature is sold concerning astrology than astronomy. 
I 
I: Why must such primitive considerations be the prime stimulus 1 
1
111 Th to popul.ar:_interest in these subjects? e average person, it j 
, might be said, is aware of these sciences mostly 1n terms of I 
,, erud1 te professors scratching rocks or gazing at stars. Some 
11 recognize commercial considerations 1n geology: mining, petro- . 
II 
1: 
leum, civil engineering, reclamation, and lately concerning 
atomic research in the case of astronomy. Still, most people, 
and, judging from present sChool curricula, most educators 
consider these subjects of little importance 1n comparison to 
, chemistry, physics, and biology. Perhaps the closest the 
average school pupil gets to geology in the classroom is the 
matter of erosion often considered in social studies classes. 
This state of affairs can hardly be considered healthy. It is 
I 
[: the opinion of the writer that in the science curriculum the .I 
... ~~~! 
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, student should be made aware of each branch of science - what 
: the science is, what its importance is. how its principles 
., 
affect our lives, and if time permits, an actual study of the 
j, science. It this be accepted, the study of geology is auto-
" 
" matically given a high rank as we are living on and in a geo-
' 
1: logical laboratory and are constantly affected by its princi-
1 ples .: The effects of these principles are conspicuously 
I' . 
J before us. All that is needed is to open our eyes to them, 
II 
il and in so doing enhance our enJoyment ot nature in much the 
11 same way that a study of biology enhances our enjoument of 
1 living things. We all can become geologists - at least 
' amateur - simply by going outdoors with our eyes open to what 
we commonly ignore. In short, we are living in a world with 
which we should be familiar. 
11 
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III. PERIODICALS AS AN AID TO TEACHING GEOLOGY 
To find what material suitable tor use in or outside 
the classroom to supplement the daily work in a study of 
geology, the complete editions published in 1949 of seven pop-
ular magazines were examined in detail. The magazines chosen 
represent those which a large high school may or may be ex- . 
1 
pected to have available to the students in the school library. \ 
The smaller school might subscribe to one or two of these and 
re~y on the town library for the rest. These magazines are 
not urged solely because of their possible value to a course 
in geology, but also because they should be of decided value 
to courses in biology, physics, general science, and to some 
extent, chemistry. Eaoh is written in language which may be 
understood by the student and each is believed by the examiner 
to be written in such a way as to arouse the student's inter-
est. Each of the magazines is different in character from 
the others, so each will be described. 
Nat1ona1 Geographic Magazine. Published monthly by the . 
1 National Geographic Society, Washington, D. C., 1 for the in-
1 
crease and diffusion of geographic knowledge." $5.00 per year. I 
This magazine averages 70 pages of text and black and white 
photographs and 60 pages of color plates per issue. Consider-
able advertising is included but is allocated to unnumbered 
----
12 
r j 1:3 
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,, 
~~~~ 
1; pages. Articles report scientific expeditions and sightseeing 
trips, describe geography, physiography, biology, and anthro-
pology of particular areas. Text is judged to be written in 
extremely interesting fashion yet t~chnical words are not 
avoided. Genus and species names of living things are given. 
Pictures and plates are judged to be of high standards. 
Printing is on high gloss paper. Helpful large maps are fre-
quently supplied. Articles generally avoid theory in favor of 
descriptive material. 
Natural History. Published monthly except July and August by 
the American Museum of Natural History, New York, N. Y. 
$5.00 per year. Negligible advertising is mostly for books~ 
Articles are mostly on zoology, anthropology, and botany, with 
occasional articles on natural resources, and physiography. 
Text is judged by the examiner to be interesting and quite 
informative in a scientific sense. Pictures are designed to 
be more informative than attractive when compared to those of 
the National Geographic which because of the peculiar nature 
of the magazine are both informative and attractive. 
Nature Magazine. Published monthly October to May, bi-monthly 
June to September by the American Nature Society •to stimulate 
public interest in every phase of the out-of-doors and 
devoted to the practical conservation of the great natural 
resources of America.• $4.00 per year. Each issue averages 
fifty pages with many illustrations. The magazine contains 
-=-!;=----- -- -
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II shorter articles of great variety including children's animal 
1 stories, articles about pets, animal and bird triends, plants, 
[I 
1
• conservation, astronomy, geology. Articles are principally 
, for biology class but good material for earth science class 
!I 
11 may be found~ Articles are much simpler in vocabulary than in 
I 
National Geographic or Natura! History, are on subjects of 
!! more simple appeal. However, most of the articles are instruc-
't ,, 
tive and may be considered to be useful not only in the senior 
' high sohool but in the Junior high and lower grades. 
r, 
II Science Digest. Published monthly by Science Digest, Inc., 
I 
1 Chicago, Ill. $3.00 per year; 25p the copy. Articles are 
11 short, digest sized and very popular in style. Little emphasis 
i• 
I! is placed on scientific fact and theoretical concepts are 
\\ avoided.' Some articles are condensed from other magazines and 
these generally are those of' greater interest to this study.· 
The magazine will perhaps be of greater use to the student who 
is not so highly interested in his work in science as the 
average. 
Science News Letter. "The weekly summary of current science 
published every Saturday by Science Servia~. Inc., Washington, 
D. c.• #5.50 per year; 15~ the copy. Advertising is un-
lj important in quantity. Every subject in science is treated, 
11 however articles are almost entirely brief statements of facts 
il 
'II or ideas, therefore explanation of theory is almost 1mposs1-
\\ 
1 
I 
I 
I 
IJ 
I 
I! 
I• 
'I 
II 
~ ~""~ '' ble • The extreme brevity makes the magazine much lea e -ueerU: ---~ 
than one which treats the subjects more thoroughly. 
Scientific American. Published monthly by Scientific American, 
Inc •• New York, N.Y. $5.00 per year. Average of 64 pages 
per issue. Advertising covers approximately 32.4% of the total 
area leaving 40.7 as the average number of pages of text per 
issue. Advertising is considered by the reviewer to be 
i
1 
reasonably informative. Articles are by no means elementary 
\' 
I 11 and include subjects in physics, chemistry, mathematics, 
I, 
I 
j1 biology, geology, astronomy, and psychology. Very involved 
II 
:I concepts are introduced and are handled in a manner which makes 
them accessible to all who have a degree of scientific back-
ground. The magazine, therefore, may be said to be for those 
interested in keeping abreast of the developments and ideas in 
science as well as reviews of earlier knowledge. Many of the 
11 articles may be considered by the teacher to be too difficult 
for all but the best students and the magazine is recommended 
as being ideal for the advanced or brilliant student who might 
be bored by some of the other magazines described. The teacher 
will also find the magazine of great value in keeping himself 
informed especially in those subjects outside his field of 
specialization. 
The Scientific Monthly. Published monthly by the American 
Association for the Advancement of Science. $7.50 per year; 
75~ the copy. Articles of every description are presented 
I 
15 
I 
II 
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il il with photographs. Every level or depth is represent~~ ::~~on;] 
is elementary~ The magazine is much like Scientific American 
I but articles are not necessarily of current interest. 
The articles considered part of the geological sciences 
· 'I are assigned to eleven arbitrary categories in order that the 
general nature of the articles may be presented. That the 
eleven categories be specific and have more meaning than that 
implied in the names the following definitions were made to 
suit the purposes of the study: 
Hypothesis. Includes theories as to earth origin, age of 
:
1 
the earth, configuration of the continents and seas, and 
II 
il 
I 
similar fundamental concepts. 
Geomorphologx. The study of land forms as sculptured by 
surface agencies. The effects of glacier ice are included 1n 
a separate category. 
Glacial geology.' The study of glacial features.~ In 
13 
addition to this definition given by Flint, this category in-
cludes glaciology, the study of the nature of glacial ice. 
Oceanography. Includes the study of the oceans in terms 
of its three branches which are physical oceanography, the 
study of ocean currents, waves, deposits,_ and erosion, biolog-
ical oceanography, the study of organisms in the sea, and 
1 chemical oceanography, the study of chemicals in the sea and 
their distribution. 
Seismology~' The study of earth vibrations either natural 
----- --~j--==-r3Fl1nt, Richard. F.: Glacial Geology and the Pleistocene 
I Epoch. New York, John Wiley & Sons, Inc. p. 12. 
I 
1: 17 
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I 
1 as in the case of earthquakes, or artificially produced as by 
II 
blasts for geophysical research.· 
I' II Natural Phenomena. A general grouping including processes 
not included in other groups suoh as volcanoes, geysers, 
\, hot springs. 
I 
, Water. The distribution and effects of water both in 
I 
' streams and in the ground but not in the ocean. 
~~~ Weather.' The effects of weather upon the earth and the 
1 living things upon it as well as the study of climatology. 
Paleontology. The study of fossils entombed in the 
earth's rocks. 
Mineralogy. Included here are mineralogy, the study of 
I 
1, minerals that make up rocks of all kinds, petralogy, the study 
I 
: of the character and origin of rocks of every sort, economic 
'I 
I' geology, the study devoted to mineral deposits and veins of 
11 economic value, and petroleum geology which concerns the 
\i location of petroleum in the earth. 
1! Exploration. A general term used to cover surveying and 
II mapping expedi tiona, and prospecting for mineral resources.· 
'I 
' 
\ 
I 
I 
I 
I It will be recognized that the names for the foregoing I 
r categories are not in every case entirely acceptable from the 
I 
I' 
standpoint of scientific definition, but are used because they I 
seem to suit best the needs of the study. The field of 
1 structural geology, the study of folding and fracturing of 
il I 
j: rocks, is not included as it was felt that articles within 1 
· th1.s area m1.ght fit into the categories of hypothesis, _ _j1 
I 
II 
-----
I 
I 
I 
I 
I 
I 
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11 
seismology, or mineralogy.; Actually, no articles were found 
which could be considered to be on the subject of structural 
geology. 
The scope of each category was determined after a 
cursory examination or the magazines. When all categories 
were defined, the detailed examination of the magazines was 
made. 
I 
I 
The entire field of geography may be considered one of 
the geological sciences as it concerns one aspect of the earth 
proper. In this analysis, geography is not included as it is 
not ordinarily taught in courses in geology. It will be noted, 
however, that mapping is included within the category of 
Exploration~ Mapping considered here is that made for the 
purpose of furthering geologic knowledge in the sense of prep- ' 
aration for geologic surveys, prospecting, or other research 
rather than for purely geographical purposes. 
The results of the magazine examination are given in 
tabular form. The number of pages of text on each of the 
eleven categories is shown for each of the magazines, along 
with the total number of pages in all categories and the total 
number of pages in the entire magazine for the year. This 
makes possible calculation of the percentage total of space 
devoted to geological sciences. It should be noted in con-
sidering page sizes that the pages of Science Digest are the 
'' same size as those of other familiar digest sized magazines 
and therefore contain much less text than the other magazines 
1: listed. The total number of separate articles for the year is 
I 
given~' Except for Science News Letter, each article is listed 
separately~- _ 
It is difficult to make specific recommendations on the 
I ii basis of inspection of the magazines. The examiner deems 
' Natural History and Scientific American to be of perhaps great-
), est value and Science Digest and Science News Letter as perhaps 
I 
1 the least valuable to a course in geology. 
The teacher may wish to require the reading of some or 
11 all of the articles on geology in the available magazines of 
h 
!I all the pupils or he may prefer to have one student report 
! 
i orally to the class. In either case it is felt by the examiner 
I 
!' 
!I that the interesting articles and pictures provided should, if 
I, 
nothing else, stimulate the student's interest in geology and 
' science in general and, especially if no textbooks are provided 
I 
1 the class, offer a valuable aid to teaching. 
1 
The Earth Science Digest, " a :.:magazine devoted to the 
1
1 geological sciences" is published monthly by the Earth Science 
Publishing Company, Revere, :Massachusetts~ .This. intere s ting 
il small journal is designed to keep the reader informed of 
developments in the earth sciences and to provide revie\<rs of 
new literature in the field. The magazine is also worthy 
I of men tion,_for articles on earth. science education. 
~. 
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Hypothesis 6 
Geomorphology 2 
Glacial Geology 5 9z-, 5' 1 4 
Oceanography- 50 _,1_ 2, 4 2 
Seismology )-~ 4 
Natural Phenomena 4 1 1/12 
Wate r 7 
Weather 1 19/24 
Palaeontology 2_,1_ 2 1 1/12 
Mineralogy 5 1 1/6 5, 9 5 
Exploration 1/5 6, 5 
Pages on geology 50 12 17! 9 6 59 20 
Total No. of Pages 848 476 504 1152 (small) 840 768 866 
% Pages on Geology 5-54 2.52 5.58 0.78 0.71 5 .08 2.52 
Number of Articles .. , ... r 6 2 20 8 
on Geology 
Coat for Year, $ 5.00 5.00 4.00 5.00 5.00 5.00 7·50 
IV. COURSE OF STUDY WITH ACTIVITIES 
GEOLOGY AND ASTRONOMY 
Geology is the science of the earth. The study of 
1
1 
geology strives to answer questions regarding the nature of 
~~~~ t the earth s composition and features and of the origin of the 
1! earth 1 tself. 
jl The earth is one of a group o:f nine known planets 
:, which revolve around the sun. Some planets, M eroury, for 
11 example, are much smaller than the earth, while others are 
II much larger. Jupiter, the largest, is more than eleven times 
I 
I! the size of the earth and its mass is 317 times as great, 
while Mercury is less than one-half the size of the earth and 
II 
jl has only one twenty-fifth the mass of the earth. The earth is 
,I -
unique among the planets in that it possesses a satellite, the 
moon, which is very large compared to itself. In tact, the 
·moonJ is more than a quarter or the size of the earth. While 
three satellites of Jupiter and one each of Saturn and Neptune , 
are somewhat larger, they do not compare with the size of the 
planets themselves which are relatively huge. The earth is 
1 only a tiny fraction of the material 
Jj the solar system, which includes the 
II 
in the solar system and 
sun, planets, satellites, 
21 
and comets, is only an insignificant fraction of the universe. 1 
However modest the size of the earth, we still have not 
11 
===-==- __ II ___ _ solved all its mysteries. 
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I 
l 
I' 
i1 ActivitY 
Prepare a poster showing in a true scale the relative 
·: sizes or the earth, moon, planets and a part of the sun.· 
'i 
!: 
II THE EARTH'S FOUR CONCENTRIC SPHERES 
I! il Generally speaking the earth is composed of tour 
,, 
regions.· Two of these are envelopes and two are part of the 
earth 1s solid material. The first, the atmosphere, consists 
of the gases nitrogen, oxygen, cargon dioxide and a few others, 
extending upward over a hundred miles, though the gases become 1i 
I 
thin at a few miles elevation. The second envelope, the hydro-
sphere, consists of an irregular band of water, covering about 
three quarters of the earth' e surface. In places, the water is 1 
eo deep and the quantity so great that if the crust of the 
earth were made smooth, the sea would cover the entire world 
to a depth of more than a mile and a half. The lithosphere 
consists primarily of the rocky crust on which we walk and on 
which the oceans lie. It is this crust which concerns us most 
in geology although the atmosphere and the hydrosphere con-
tribute in large measure to the nature of the lithosphere~ 
The centrosphere is the core of the earth. · Very little is 
known of this part of the earth as no person has seen it and 
all we know is based on observations made on the surface. 
=====- ---
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li Activity 
[I Construct a large scale model of the earth with a 1 
I: colored cut away section showing the four spheres of the earth; ' 
jl THE EARTH'S RELIEF 
II We all know that the earth's surface 1s not smooth. 
11 The mountain ranges of the land are familiar, but less well 
I\ known are the so called deeps in the sea. The deepest of 
\l these troughs is almost seven miles in depth. There are 
I mountain ranges in the sea which are never seen because they 
II 
'! are completely covered by the sea at all times. These are 
II 
\: called ridges. However, ridges and deeps do not alone account 
I 
li for the sea floor relief. The continental shelves are borders 
I 
1 of the continents which are submerged by shallow seas and 
II 
'· slope off to deep water. 
Activ1t;v 
Prepare a large poster showing the earth's relief at 
the equator both above and below the sea. Color the sea blue. 
li 
~~ GEOLOGIC TIME 
I 
Recorded history goes back to days several thousand 
years ago·~ This is the merest trifle in the history of the 
earth. Human life extends no more than a million years into 
:I 
1 history while the earth is believed to be from two to four 
I. l 
I 
I 
i 
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II 
II 
The earth has undergone profound 
-,1 
I 
'I 
billion years old. changes 
since its formation with mountains and seas being formed and 
erased many times over. 
Activity 
Prepare a colored poster showing the earth's time, 
indicating to scale those portions of time in which humans 
have lived and since recorded history began. 
APPLIED GEOLOGY 
Not all people study geology out of curiosity. The 
knowledge of geologists is used in many ways. Best known of 
these uses oonoerns mining and finding oil. Geologists 
examine rook formations to find the best place to dig a mine 
or drill for oil. Geologists are also employed to determine 
the best location for water supply systems. In order to build 
bridges, dams, and large buildings, engineers must consult 
geologists in order to find what kind of earth and rook will 
be under the structure so they may build proper foundations. 
Quarrying and gravel companies often employ geologists to find 
best material for their businesses. Thousands of geologists 
.are employed by the government to study and map the United 
States and to learn how to conserve our natural resources ·~; 
-- ---- ------·-
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1: AcUvl.ties 
Report on one economic aspect of geology other than 
1
j in mining or petroleum. 
:I 
I! 
II 
II 
,I 
I 
II 
Consult a geologist or civil engineer to find how he 
uses geological knowledge in his Job. 
1, litiNERALS ARE CHEMICAL ELEMENTS OR COMPOUNDS 
i! 
'I 
11 Mineralogy is the study of minerals, the building 
! blocks of rocks. There are several hundred minerals known but 
I 
I 
only about twenty-five are common. Some minerals, such as 
I 
1
1 
gold IUld silver nuggets are pure chemical elements. There are 
two minerals which are composed of the pure element carbon. 
I 
r, These are diamond and graphite. Diamond is a crystal and by 
far the hardest substance known, while graphite is non-crystal-
Ill! line and very soft. Minerals may also be chemical compounds. 
II Quartz, for example, is composed of' silicon dioxide; each 
molecule consisting of' one atom of silicon and two of' oxygen~ 
:t II Activity 
'I 
II 
I 
' 
Make wood or cardboard models of several kinds of' 
mineral crystals and identify the particular mineral repre-
sen ted. 
" FAMILIAR EXAMPLES OF MINERALS 
Minerals are used for many purposes. We are aware of' 
the use of mineral ores in metal _production or minerals as 
I 
I 
! 
t 
II 
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I! 
II jewels, but do not think of minerals as lubricants (graphite), 
ll or crystals in radios (galena and quartz). Feldspar and 
1; quartz are ground into a fine powder which is used in kitchens 
I 
I . 
1: for scouring. 
'I 
Activities 
Prepare an exhibit showing practical uses of minerals. 
Collect from nature and label as many minerals as can 
II be found near the school. 
I 
IDENTIFICATION OF MINERALS 
1! Some minerals look so much like others that special 
r means have been devised to distinguish them. Color and lustre 
I 
1 can be determined by eye. Streak, the color left by the 
I 
1 mineral when it is scraped against a piece of porcelain, is a 
I valuable and easy aid to 1dent1f1cat1on. The hardness of the 
i mineral and its specific gravity are other clues. Chemical 
I 
1! analysis is more diffioul t but very helpful. 
il ActivitY 
I Describe and demonstrate to the class, using several 
II minerals of like appearance, methods of distinguishing them.· 
I 
I 
IGNEOUS BOCKS 
Igneous rocks are formed from molten rock called magma 
fundamental to both sedimentary and metamorphic rocks. 
26 
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II 
l Igneous 
-----=----------===== 
rooks are of many forms, of every gradation of color 
I 
and consistency. Rooks may often be named by their outward 
I appearance, but exact identification is made by the mineral 
constituents~ For example, granite is identified as being 
composed of the minerals quartz, feldspar, and mica. 
There are three general ~ys in which igneous rocks 
are formed. Magma may be exploded into the air from a volcano 
to form a material called tuff composed of dust and ash. 
Sometimes "bombs" several inches in diameter are exploded from 
volcanoes: When magma flows out on the surface of the earth 
as in a lava flow, the resulting igneous rook may be lumpy and 
angular or smooth and curved. Gases often leave the lava with 
the result that the rock is full of holes or even frothy. 
Rook froth is called pumice. Where rock is formed underground, i 
it is generally of different appearance than those already 
discussed. Because it cools more slowly, large crystals are 
I 
i 
I 
I 
11 often formed and may be identified as minerals with the unaided · 
eye. Such rocks are called intrusive rooks and include dikes, 
sills, laccoliths, neck~ batholiths and stocks. 
Act1v1 ties 
Prepare a colored poster showing a volcano producing 
. I 
I! rook 1n three ways: exploded into air, poured out onto sur-
11 
!i, face, and formed in · pockets underground. Label each formation. I 
If possible, bring to class samples of rook formed in 
the three ways named. Describe differences. I 
I 
I. -~--~· 
r 
II 
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Bring to class, properly labeled, samples of as many 
kinds of igneous rocks as possible. 
SEDIMENTARY ROCKS 
Sedimentary rocks are formed in two general ways. 
First, they may be made of bits of older rock cemented or 
[I compressed together. If the older rocks are very large, the 
11 result is puddingstone or. more properly, conglomerate. Sand-
11 stone, as its name implies. is composed of grains of sand, 
I 
l' while shale is made of the finest silt or mud pressed into 
II . I! rock. Various varieties of these rocks exist according to the 
l exact nature of the original material and the means by which 
I 
II 
the sediments were deposited and compacted. The second sort 
of ·sedimentary rook includes those which are deposited in 
I 
I 
I 
I 
i 
water, limestone and rocksalt being examples. There are many 1
1 \
1
1
1 
kinds of limestone but all are essentially calcium carbonate 
1 I 
I produced by living plants and animals. Some limestones contain I 
large shells of invertebrate animals. Chalk is a soft lime-
stone consisting largely of tiny shells of marine animals. 
The most noteworthy feature of sedimentary rocks is 
that most of them show stratification or bedding. The strata 
or beds are layers usually produced by irregularities in the 
deposition of the rook material by water or air. 
I 
I 
I 
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il AgU vi tl,es I 
!j Bring to class samples of conglomerate, sandstone, and 
!I limestone as well as the material from which . each is formed • 
. I' 
II Prepare an exhibit showing how each type is derived in nature. 
!I I, Bring to class, properly labeled, samples of as many 
II kinds of sedimentary rocks as can be found. 
11 
il 
Demonstrate how salt beds are formed by evaporating a 
pan of water and allowing the salt to accumulate. 
II METAMORPHIc ROOKS 
I! · Metamorphic rocks are changed rocks. They are rooks 
I 
I which have been changed from their original form by outside 
influences suoh as pressure and temperature into rocks of 
; different structure or even mineral content. For example, 
II . 
I slate is shale which has undergone intense pressure. 
I 
' Acti v1 ties 
Bring to class and display several samples of meta-
morphic rocks and specimens of rocks from which they may have 
been derived. 
I Find wh~t rooks have been used in the construction and 
\i facing of several buildings near the school. 
\' 
II STRATIGRAPHY 
,J 
;i 
1 We can naturally expect, if rocks and rock materials 
1i are deposited in layers, that those deposits which are nearer 
-===--=· r!i= ==== 
ll I 
I 
II 
II 
IL_ 
!,\ the surface of the ground are younger in age than those under-
! 
I neath.' Thus it is often possible, barring unusual changes 1n 
the positions of the rocks, to tell the order in which the 
rocks were laid down. This knowledge gives a hint as to the 
conditions in the particular area at the time of deposition. 
1
1
1 For example, a layer of loess over a layer of limestone indi-
cates a change from ocean to an arid region. This science 
I
I. which relates the layers of rocks is called stratigraphy. 
Structural geology not only concerns the layers of rooks but 
also the bending and breaking of rocks underground. By means 
of these sciences, it is often possible to predict with con-
siderable accuracy the best place to dig a mine or drill an 
oil well. 
Ac!(ivi ties 
Describe the sequence of events as best you can as 
shown by the layers of rooks shown in a structure section~ 
Prepare a colored poster showing the stratigraphy of 
the rocks in your locale as determined from geologic maps. 
PALEONTOLOGY 
It is known that various plants and animals which do 
not exist now thrived in :past ages. Many of these living 
things became entombed and traces of them remain in rocks 
called fossils. A fossil of a particular species may serve as 
a means of dating or telling the age of a particular rock 
30 
1: 
II 
II 
1l formation~· The study of fossils and dating by means of fossils 
II 
r is called paleontology and is of great value in locating oil. 
,, 
II Aotivi ties 
II Bring to class as many specimens of fossils as can be 
'I located. 
! 
.i Report on and show pictures of the great extinct 
Jl reptiles which are known to us only by their fossils. 
II 
" I EROSION AND DEPOSITION 
Erosion is going on almost everywhere on the earth's I 
\1 surface.· In the process of erosion, earth materials are 
11 loosened and carried away by air, water, or ice. Because 
I eroded materials are not lost from the earth's surface, they 
! must accumulate somewhere. This process of accumulation is 
called deposition and goes on whenever there is erosion. 
Activi't(y 
Visit a local stream and record the effects of water 
upon the stream bed. Note where material has been eroded and 
where deposited. 
WEATHERING 
Earth materials cannot be carried off by erosion until 
11 after they have been broken down or prepared for removal. Jl This latter process is called weathering and is of two general 
====til 
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forms~· The first, mechanical weathering results from freezing, · 
I temperature changes, abrasion, and plant growth. These pro-
i; ceases tend to break the earth materials . into smaller pieces 
li and thus makes them available for erosion and deposition. The 
1: 
'
1 second form is chemical weathering and is the result of the 
chemical reaction of earth materials with air or water or the 
dissolving of rock by water. 
Activities 
11 Find a large rock which has been cracked open by 
1: freezing.- As it will likely be too large to move, photograph 
, .. 
I_ 
it and show the result to the class. 
Find a rock which is being scaled off by the effects 
of temperature changes. Either photograph it or bring it to 
class. 
Find and photograph a rock which is being cracked open 
by a tree. 
Find an ordinary rock which has been in the open for 
many years.' Scrub it off, and, when dry, crack it open before 
the class. Show · that, due to chemical "iTeathering, the outside 
of the rock is different in appearance from the fresh inside 
surface. 
r 
I' 
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1
\ AIR AS A GEOLOGIC AGENT 
I 
I 
.I 
I\ A very important agent in bringing about geological 
!I II changes is the air. As already mentioned, air may contribute 
1
'1 to chemical weathering. It is well kno~m that air transports 
:1
1
1. 
I
I earth materials in great quanti ties during dust and sandstorms, 
sometimes with disastrous results. More common are sand dunes 
which are constantly being moved about by the wind.· Earth 
I materials are quickly worn by windblown sand and duet which, 
i 
II in effect are equivalent to a natural eandblae ting. In arid 
II reg1ons, the ground and rooks are often carved 1nto tantast1o 
I shapes by this action. 
I 
1 Activities 
I 
:I If possible, visit an area of sand dunes on a windy 
j day and notice the effect the wind has upon the sand in the 
j dunes~· 
II 
I 
Show to the class pictures of wind carved rocks in 
desert regions. 
Prepare a repot on the economic and social effects of 
the dust storms in the •Dust Bowl." 
Report on methods of suppressing wind erosion. 
I 
li RUNNING WATER AS A GEOLOGIC AGENT 
I! 
IJ Runn1ng water 1s popularly recogn1zed to be an lm-
\1 portant and powerful force in nature. The wearing away of 
!\ 
II 
L_ 
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I 
I II 
lr 
ii 
li 11-
[rocks by streams is well known especially in the case of the 
1
Colorado River in the Grand Canyon. It is apparent to the eye 
~ that this river is carrying a great deal of earth material as 
jthe water has a muddy red color. 
II 
I 
The Mississippi is famous for the extensive deposits 
joalled deltas made where the river enters the sea. The water 
I !l is less able to transport material as it slows down on reaching 
Jthe still water of the sea. The effects of streams are the 
!!wearing down of uplands and filling in of lowlands. 
II 
I 
!Aet1 vi ties 
I 
Give a report on the damage done to American farms by 
!!running water. 
]I Go to a local stream and observe erosion, transportation 
11 and deposition of earth material. 
il While standing on a bridge, take a bucketfull of water 
,from a river or stream. See how m~ch eroded matter is being 
transported by the water by til tering it or letting it settle~·, 
Weigh the transported matter. Try to estimate how much 
material is transported by the river in a day. 
I 
Demonstrate in a trough how moving water flowing into 
!still water loses its ability to carry eroded matter and forms 
I 
Ia delta. 
! 
I 
II 
I 
ll 
il 
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1 GROUND WATER AS A GEOLOGIC AGENT 
The earth's water is not limited to oceana, lakes, and 
I 
11 rivera. Practically everywhere, by drilling or digging into 
I 
!· the ground, water may be reached. The level 
I' 
'· the ground rises is called the water table~-1, 
I 
to which water in I 
Springs, therefore, \ 
!! are places where the water table reaches the land surface; 
I 
Jl Wells are simply holes below the water table. Artesian wells 
,, are quite different, however. In this case, water trapped 
,1 under pressure beneath · a hard layer of rock is reached by a 
pipe and flows to the surface, above the water table, under its 
; own pressure. Artesian well water is generally extremely pure ~' 
I 
j
1 
Ordinary well and stream water often is polluted due to 
il sel'rage, chemicals or decaying organic matter near the source. 
Underground water often dissolves the rock into which II II 
lj it has soaked to form large caverns, some of which are famous 
11 for their beauty. When the dissolving has been extreme, often 
il the ceiling caves in leaving only remains of the original 
" ceiling in the form of natural bridges. Often when the soil 
i, becomes very moist landslides develop in hilly areas due to 
jl the increased weight of the water and the fact that the water 
!! lubricates the particles of earth. Occasionally when ground 
I• 
;' water makes contact with hot volcanic rock hot springs and 
;j 
, geysers result. A geyser is a special type of hot spring in 
i 
I 
I 
pres- JL-
=== 
which hot water and steam are ejected under considerable 
I 
:' sure through an orifice. 
I 
I 
I 
I 
I 
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:: Activities 
Prepare a large colored poster, properly labeled, in 
.~ sectional view showing water table, springs, wells, artesian 
. 
I, 
I 
wells, a source of pollution, underground caverns. 
Build a model artesian well out of wood and sand show-
' ing how water can rise above ground when trapped under a hard 
layer which tilts downward. 
Prepare a large poster showing the physical principles 
1 involved in a geyser. 
I 
II 
I 
Demonstrate a landslide showing how soil on a hillside, ' 
1: if sufficiently moistened, will slide. 
il 
II LAKES .AND SWAMPS II 
It is apparent that a lake is simply an area in which 
I' 
I the water table remains above the ground level and where the 
! 
\! water is held from escaping by a natural or artificial dam. 
i; Lakes are often formed suddenly when a landslide blocks a J 
•
1 
valley and thus dams a stream. Those lakes which have no outle 
li 
li sometimes become salty depending upon the nature of the sur-
i~ rounding rocks. The Dead Sea and the Great Salt Lake are 
i examples. When a lake becomes mostly filled with sediment and I 
vegetable matter, a swamp is formed. This vegetable matter 
I 
I forms peat which is the first step in the production of coal. 
;
1 
Generally speaking, swamps are areas of saturated ground. 
Tidal marshes are areas which are alternately exposed and 
=---=-- -+ 
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ll flooded by tides and are occupied by grasses which grow under 
I; such conditions. 
i 
l' Activities 
j· Prepare a chart showing the several steps in the 
!, production of coal. 
Investigate a lake near the school to see why the water 
!: is trapped there. 
I 
, EXISTING GLACIERS 
I! 1~ A surprisingly large area of the earth is covered by 
I 
': ice and snow of great depth.' The largest area, over five 
i 
i million square miles, in Antarctica, is mostly unexplored due 
1\ to its severe weather conditions. Practically all of 
II Greenland is covered by ice with only small areas of bare 
II ground around the edges of the island. 
ActivitY 
Prepare a colored map of the world showing in three 
colors land, sea, and ice areas. 
CONDIT IONS REQUIRED FOR A GLACIER 
In order that a glacier may exist, the supply of new 
snow must equal or exceed the loss of snow and ice due to 
melting. The result is a permanent area of snow which in time 
turns to solid ice. When the ioe becomes deep enough, due to 
37 
own weight it becomes somewhat plastic and is able to flow 
slowly downhill. 
I 
11 
1! Aotivi ties 
li Show, if it is available, how snow turns to ice after 
I standing several days. 
Demonstrate the plastic nature of ice by holding an 
11 ~::::~~: a horizontal position for several days until it bends 
I 
i! TWO KINDS 0 F GLACIERS 
I 
I Glaciers exist in two general forms.· The first is the 
\ type which occurs in mountainous regions where the ice flows 
1 slowly through valleys. This type oecurs~exists in most areas 
' ·' I 
I of th·e world, even near the equator • when the elevation is 
II sufficient to insure plenty of new snow and low temperature~· 
I The second type is called an ioe sheet and is the type found 
I 
l in Antarctica and Greenland. Here, the ice completely covers 
1 a huge area to great depth with a slight doming to the center. 
The ice flows slowly from the center in all directions. 
Activities 
.1 Make a poster showing in cross section the two types 
I! of glacier and how they differ. 
'I li 
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~· EROSION AND DEPOSITION OF GLACIERS ~-,r 
The motion of glaciers is an extremely powerful force ~~ 
I and is capable of producing marked effects in the landscape. 
11 Huge bowlders are carried many miles by the ioe and are groWld I 
II . 
II against each other and the earth under the ioe to produce very 
severe erosion~· Sides of mountains are quickly worn by glacial 
ioe and deep U-shaped valleys are formed. Material carried off I 
I 
by glaciers is deposited in various formations which reveal I 
1 the presence of past glaciers. There are four general types 
of deposits. A drumlin is a huge pile of gravel left by the 
ice in the form of a rounded hill. A moraine is a ridge of 
gravel plowed up by a tongue of ioe moving across the earth. , 
An esker is a low snake like embankment made by a river flowing ! 
inside the ice. A delta, like a river delta, is produced when 
meltwater laden with ground rook enters a lake or the sea. 
Erratic bowlders may be seen standing alone in open fields. 
These have been left behind by the retreating ice. 
Activities 
Locate and visit a place where scratches made by 
moving ice may be seen in rooks. 
Bring to class gravel deposited by the glacier and 
tell how you know it was deposited by ice. 
· cier and note how it differs from a 
I 
I 
.I 
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Obtain pictures of or visit vaa
1
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1 four kinds of glacial deposits described. 
.~range a contest lasting several weeks to see who can 
II I' looate the largest erratic bowlder. 
,, 
II 
THE ICE AGE 
Presence of glacial features over northern North 
America and Europe show clearly that ice covered the area at 
great depth.· So deep was the ioe and so great its weight that 
the land was actually pushed downward and now is returning to 
its natural height. The result is that sea level is going 
down in many plaoes because the land is rising very slowly out 
1
1 of the sea. Many of our best harpers are old valleys which 
1 were _puslied·. under water by the glacier ice and have not yet 
I entirely returned to their old level. In addition to the de-
ll posits of rook and gravel left during the Ice Age, many lakes 
II and ponds ocaupy depressions left by the ice. 
r Many theories are given to account for the presence of 
I'! 
II 
I 
I 
the glacial ice in areas which today are relatively warm but 
none is generally agreed upon. However, the ioe has left 
marked effects Since it left about twenty thousand years ago. 
Activities I 
Make a large map showing the area of the United States : 
11 which was covered by ice during the Ioe Age. I 
4o 
1: Report on the various theories held to explain the 
1 1i former existence of an Ice Age. t ~==-d 
il 
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1\ 
I· 
41 
-~·=-~=Ti~~i~~============~-~-==============~~=-~~~===9F==='---
Il MOVEMENTS OF SEA WATER 
j1 Sea water is kept in motion by two forces. The famil-
j; iar tides are the result of the gravitation of the moon and 
I• 
il sun on the water, while ocean currents are produced by the 
I I -
1 effects of prevailing winds and differences in temperature of 
I the water~· The tides are very important in circulating water 
II in and around our harbors while currents are -very important in 
'I i determining the climate of the areas near which they pass. 
I 
Activities 
I 
I Make a chart showing in several diagrams the way tides 
I are produoed by the gravitation of the moon and sun. 
I On a large map of the world, draw in and label the 
!j ocean currents • 
II I, 
i! EROSION BY THE SEA 
,I -
!I The sea is a very powerful agent of erosion as is well 
I 
.
1 
known by those who have seen sea walls pounded to pieces during 
, storms. Not only do waves which are generated by wind wear 
! away at the sea coast, but water set in motion by the tides 
I 
j wears away the irregularities of the oottom of the sea. Even 
i I ocean currents are sufficient to cause some erosion. 
1
1 
Aot1v1 ties 
I Report on great storms of history telling what damage 
I 
I 
11 and effects were caused by the sea 
1 s attacking the land. 
,I 
!i 1---
1, 
I 
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,I 
li Visit the shore and locate places where the sea is 
II removing roo~ material from the land. 
II . 
i: DEPOSITION BY THE SEA 
As the sea removes and carries away earth materials, 
I' 
1! these materials must be deposited somewhere. The fine matter 
I' 
11 eroded by the sea is mostly carried well away from the shore 
li and deposited far out at sea. The coarser material is gen-
Ii I erally washed up on beaches with the larger stones nearer shore 
I Beaches commonly fill indentations in the coastline while bars 
1 are embankments bull t in open·. water. Sometimes a bay bar is 
I : ~~- -,~-... jl bull t across the mouth of a har'b;or or bay eventually closing 
1! off the entrance. In time the bay would become filled and a 
11 marsh or swamp would result. Extending over about a half 
j: million square miles of shallow ocean water, mostly in the 
Pacific, coral reefs abound formed of the remains of the 
II 
I' 
I' 
houses built by coral polyps. Atolls are ring shaped reefs 
surrounding circular lagoons and are built up under the very 
special conditions required by the tiny animals which produce 
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I! THE SEA FLOOR 
I The sea floor is much less flat than generally recog-
1l nized.-
1 the sea 
Soundings taken by exploring ships have revealed that 
floor is almost as irregular as land surfaces. There 
! I; are deeps of over 35,000 feet in depth and broad ridges far 
·' out at sea which rise almost to the surface. In addition, 
I 
I 
'I there are detailed features resembling valley systems. Not 
I only are deeps deeper than highest mountains, the average depth 
II of the oceans is 2.5 miles, while the average height of the 
) land surface of the continents is only one-fifth this amount. 
I 
! While such depths of the ocean may seem great, compared to the 
1\ size of the earth itself, the oceans are only a thin film of 
·I! water. 
~~ A c t1 V!tll 
I 1 Make a large colored poster map of the Atlantic area 
I 
: showing the land and sea areas which would be in existence if 
I I the level of the sea were lowered a thousand feet. 
I 
II PRODUCTS OF VOLCANOES 
I 
I Volcanoes have been a source of 'tronderment for cen-
turies. No phenomenon of nature is said to be more awe inspir-
ing. Tremendous quantities of gases, stones, ashes, and lava 
are ejected in eruptions of the world's active volcanoes. 
I 
1 Great areas of the world have been devastated by ejections of 
.I 
\l 
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this material.· The most famous example of this destruction is · 
the destruction of the city of Pompeii, in Italy, in the year 
A. D. 79. 
Aotivi ties 
With the aid of geologic maps, locate and bring to 
class samples of rook products of volcanoes. Note that pumice 
is available commercially. 
1• 
II 
I 
Give a report to the class on the eruption of Krakatoa ' :, 
1 in 1883 or Mt. Pel~e in 1902. 
I KINDS OF VOL'CANOEB 
Volcanoes are of two general types: cinder cones and 
shield volcanoes depending upon the type of material ejected. 
The cinder cone, as the name implies, is built up of frag-
mental material. This rough angular matter permits steep 
slopes to be attained before it begins to slide. The cinder 
cone has its crater at the top through which the cinders have 
been ejected. 
The shield volcano is built largely by the piling up 
of lava. Because the lava is more or less fluid, it oan flow 
away with the result that tremendous areas are often covered 
by this type of volcano compared to its height. Therefore, 
1' shield volcanoes have gentle slopes but may, however, be of 
II 
II 
II 
I 
I 
immense size and great height. 
between the two forms. 
Some volcanoes are intermediate' 
d 
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Activities 
Make a model volcano which actually erupts. 
Make a colored poster which shows the two types of 
volcanic cones in cross section. 
I DISTRIBUTION OF VOLCANOES 
Volcanoes are distributed in several belts throughout 
the world• Best known are those which nearly encircle the 
Pacific area and which crosses southern Europe and the 
Mediterranean area. There are other areas of volcanic activity 
I 
, in Asia and in a long belt north and south through the Atlantic ;
1 
Ocean. The Hawaiian Islands are the site of violent volcanic 
activity. 
Activity 
Prepare a poster map showing the location of the 
I earth's volcanic zones. 
1 
EFFECTS OF VOLCANOES 
The principal effect of volcanoes and volcanic activ-
ity, apart from the destruction of cities and villages, has 
been the creation of mountains and even mountain ranges. In 
past ages, vast eruptions of. lava and ash covered huge tracts 
I of land leaving kinds of rock which can be identified as 
having been formed in this manner. 
I 
li 
I' I 
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11 ActivitY 
By means of geologic maps and actual observation, 
locate as many effects as possible of past or present volcanic 
activity in the area near the school. 
I 
IJ 
BENDING OF THE EARTH'S CRUST 
· I! d The principal factor in the creation of mountains has 
been the warping of the earth's crust. Warping and occasional 
breaking are known to have taken place all through geologic 
history very slowly, yet on a tremendous scale with the result 
that whole mountain ranges have been formed. Erosion taking 
11 place during and after the warping has tended to reduce its 
effects. 
Activity 
Report on the history of folding of the Appalachian 
Mountains. 
'
1 BREAKING OF THE EARTH'S CRUST 
Every day, instruments record tremblings of the earth 
1 called earthquakes. It is now known that practically all 
earthquakes are caused by the breaking of the earth's crust. 
1 Sometimes the breaking is violent enough so · the shock causes 
destruction of buildings. Throughout the agee, successive 
breaking and slipping of the earth's crust has resUlted in the 
formation of whole mountain ranges. Huge blocks often miles 
..:....=::::._--= ~ ::;-:--==::: - -=-=---=-- --- -== ..:=.....-=---=-- ----::=- ==- ---
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across, are broken and raised up to form fault block mountains. 
The surface acrose which the breaking and slipping 
takes place is called the fault. Many faults are to be found 
in most areas of the world, but not all are active. Weather-
' Activities 
Make a poster showing, in cross section, the formation 
of fault block mountains as a means o·f mountain making. 
Locate by means of geologic maps a fault and, if pos-
sible, visit the area to see what effects of the fault may be 
evident. 
Locate photographs showing how highways and fences 
1 have been broken and 'offset at a fault. 
DISTRIBUTION OF EARTHQUAKES 
Earthquakes may occur anywhere in the world. However, 
most intense earthquakes occur in zones called earthquake 
belts. These belts are roughly similar in pattern to the 
volcanic belts but this does not mean one is the cause of the 
other. Instead, both are possibly effects of recent mountain I 
building. Because a particular area does not lie in an 
47 
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earthquake zone does not mean that area is immune from earth-
quakes. Occasional violent and destructive earthquakes have 
caused severe damage to areas totally unused to such events. 
Activities 
II . 
Prepare a map showing the locations of earthquake belts 
indicating also locations of severe earthquakes. 
I EFFECT OF EAR TH'QUAKES 
The effects of severe earthquakes are often spectac-
1 ular. Large areas often settle and fissures may open in the 
ground. Most important, buildings are often severely damaged 
1 especially if not constructed so as to withstand earthquakes. 
Fires often start due to damaged electrical and gas facilities 
and these fires are often unchecked if water mains are broken 
due to shifting of the ground. When earthquakes occur under 
the sea, waves are set up in the water. These waves, called 
seismic sea waves, often do great damage as they strike 
, beaches. 
Activities 
Report orally on ·. one or more great earthquake of his-
tory showing pictures of damage resulting. 
Report on seismic sea waves stating speed, appearance, 
and destructive power. 
Report on the construction and design of buildings 
- -----· 
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1 
best able to withstand dam.age of earthquakes. Cite as examples 
' 
II buildings near the school which are well or poorly constructed 
I 
I! in this respect. 
1 Report orally and demonstrate to the class what pro-
11 
11 ceedure would be best to follow in the school, home, or street 
if a severe earthquake should strike. 
SEISMOGRAPHS 
Sensitive instruments have been built and are in 
operation throughout the world which record the vibrations of 
1 the earth's crust.. These instruments are called seismographs 
and record not only waves produced by violent earthquakes but 
local imperceptible quiverings whose origin is not understood. 
:1 Passing trains and explosions are also recorded. By means of 
1 these instruments, much has been learned of the interior of 
11 the earth. The changes brought about in the nature of the 
I' waves as they pass through the center of the earth gives hints ' 
to the nature of the centrosphere. 
Activities 
Build a simple operating seismograph. 
Report on what has been learned of the interior of the 
earth by means of earthquake waves. 
Find out the strength of earthquake waves produced by 
atomic bomb explosions. Compare them with natural earthquakes. 
I 
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1 uPBUILDING FORCES AND WEARING OOWN FORCES WORK TOGETHER 
I 
\1 Volcanism, bending and breaking of the earth's crust 
. . jl 
are processes tending to build up irregularities in the earth's 
1
1 
surface. Air, water, snow and ice, and the sea are agents \1 
tending, by means of erosion, to remove irregularities in the 1! 
11 earth 1 s surface. These processes go on at once and their past I; 
I! and present effects are responsible for the earth's features 
1: as we see them. 
I' 
I 
I: Activ1 ties 
i' Prepare a large poster showing all of the effects of 
II 
' upbuilding and wearing down at work on one hypothetical area. 
I' 
1! 
II 
I' 
ll 
I 
I 
I 
I, 
I 
I[ 
II 
!i 
\: 
I 
I! 
II 
jl 
li 
=; 
.I 
jl 
I 
I' 
11 
;j 
. I 
v. FINAL EXAMINATION 
I 
I . 
Test items for a course in geology are provided on the 
1 following pages. While the questions should be suitable . at 
the senior high school level, many will be too difficult for 
the junior high school but may either be adapted to such use 
or si~ply omitted. The fact that many of the words involved 
in the test are not everyday words does not mean that the test 
is a test of vocabulary. Definite concepts are involved in 
most of the questions. It is hoped that the student will have 1 
time to finish the examination as it is felt that in the study 
of geology • . speed in response is in most cases of little con-
sequence compared with the actual extent of knowledge. The 
knowledge of the slow student may well be extensive as geology 
may become a hobby to him. 
Specific instructions for taking the test are not pro-
vided here as the test items are suggested individually rather 
than as a complete test. The choice of test items would 
depend entirely upon the nature of the course material and 
' the grade level. 
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OBJECTIVE TEST IN GEOLOGY 
MULTIPLE CEOICE. 
l. Rock formed from magma within other rook bodies is 
2. 
called (a) intrusive. 
(b) extrusive. 
(o) pyroclastic. 
Metamorphic rock is formed from (a) (b) 
(o) 
(d) 
igneous rock. 
sedimentary rock. 
either igneous or 
sedimentary rock. 
neither igneous nor 
sedimentary rook.· 
3. Compared to the equatorial diameter, the diameter of the 
4. 
earth from the north pole to the south pole is 
The most soluble rock listed is (a) (b) 
(c) 
(d) 
(e) 
(a) greater. 
(b) the same. 
(c) less. 
shale. 
limestone. 
granite. 
sandstone. 
conglomerate. 
I 
5. The deposits made by a stream where it leaves a mountainous ! 
region to flow across a relatively flat area form 
(a) a mesa. (bl a monadnock. ( o an alluvial fan. 
(d a delta. (e) a drumlin. 
6. Mountains in the United States which are an example of 
folded mountains are ~a) (~~ 
(d) 
(e) 
Adirondacks. 
Appalachians. 
White Mountains. 
Green Mountains. 
Sierras. 
I 
! 
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1 7. The hydrosphere makes up what proportion of the earth r s 
, a. 
9. 
'I 
II 
i1 12. 
I, 13. 
I 
II 
14. 
crust? {a) 1/6. 
~~l i~~: ( d 1/2. 
{e 3/4. 
Examples of pyroclastic rooks are {a) 
{b) lapilli. conglomerates. 
shales. 
amygdules. 
schists. 
~~~ (e) 
Dip is the angle between the bedding plane and 
{a) a horizontal plane. 
{b) a vertical plane. 
(c) an inclined plane. {d) a plane through the strike. 
Physical and chemical action on exposed rock surfaces by 
atmospheric agencies is called 
An extrusive igneous rook is 
{a) 
. {b) 
( o) 
(d) 
(e) 
corrosion • 
erosion. 
suspension. 
weathering. 
deterioration. 
Cal felsite. (b granite. 
!c limestone. d) gneiss. e) marble. 
Beacon Hill, Boston, is an example of {a) a drumlin. {bl an esker. { o a dome. 
{ d a fault block. ( e a morraine • 
A metal which occurs in the free state is {a) 
{b) 
(c) 
{d) 
(e) 
platinum. 
sodium. 
calcium. 
silver. 
uranium. 
Stratification is most common among {a) igneous rooks. {b) sedimentary rocks. 
(c) metamorphic rocks.· 
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il 15. 
16. 
17. 
Sinkholes are the result of the work of ~~)l glaciers. ground water.· 
wind. (c (d 
(e rain. rivers. 
A dike consists of (al igneous rook. (b sedimentary rook. 
(c metamorphic rock. 
(d) igneous, sedimentary, or 
metamorphic rook. 
The continent on which there are no glaciers is 
(a) Asia. 
(b) Australia. 
( c~ Europe. (d North America. 
(e South America; 
18. Petroleum is found mainly in a deposit of 
19. Distributaries are found on ~~~ (c) 
(d) 
(e) 
(a) igneous rock. 
(b) sedimentary rock. 
(c) metamorphic rock. 
drumlins. 
deltas. 
flood plains. 
peneplanes. 
kame terraces. 
20. The rock listed having the finest grain size is 
(a) sands tone. 
(b) shale. (c) conglomerate. (d) granite. 
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COMPLETION 
21. The level of ground water is called'~----. 
1 22. A well whose water comes to the surface under pressure is 
called ___ • 
23. Geysers and hot springs are caused by underground ______ • 
24. The shape of a valley carved by a glacier is like the 
letter---· 
1
1 25 I • 
'i 26. 
Warping of the earth's crust can form------· 
Breaking of the earth's crust is a cause of------· 
II 27. A seismograph is for the purpose of recording ____ • 
1 2s. 
:I 
d 
I 
i! 29. 
30. 
Processes building up earth features are counteracted 
by ___ • 
The name of a rock composed of cemented gravel is ___ • 
If a river completely outs off a meander. the result 
is ___ • 
31. The type of glacier now present in the United States 
is ___ • 
32. Loose rock material found at the base of cliffs is 
called ___ • 
The position of strata as they are layed down is ___ • 
1 34. A meandering stream deposits sediment on which side of 
' 
curve? 
----· 
II 35. 
1: 
Whenever there is erosion, there must be _____ • 
,, 36. Icicle like structures in underground caverns are 
called ___ • 
IJ 
I 
I 
' I 
'i 
I' 37. The type of glacier now at the south pole is • II 
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Atolls are generally made of ------· 
39. The principal cause of ocean currents is ------· 
40. Large bowlders often seen in New England were deposited 
by ___ • 
MATCHING 
1 41. Ventifact a. wind 
42. Drumlin b. organic material 
43. Fossil c. volcano 
44. Stock d. river 
45. Natural bridge e. glacier 
f. atmosphere 
g. ocean 
h. ground water 
I 46. Seismology a. earth's surface 
47. Paleontology b. fossils 
48. Petrology c. rocks 
49. Stratigraphy d. weather 
50. Geomorphology e. strata 
f. oceans 
g. earthquakes 
h. crystals 
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